This study evaluated the severity of illness of patients experiencing inpatient hospital complications in two hospitals in the metropolitan area of Syracuse, New York. It involved identification of inpatient complications by All Patients Refined (APR) severity of illness for pneumonia, clostridium difficile colitis, and urinary tract infection. Severity of illness was identified for each patient at the time of admission. The study showed that patients at the two highest levels of severity of illness, Major and Extreme, accounted for 76 -93 percent of those with the three complications evaluated. These patients comprised less than 40 percent of the inpatient populations of the hospitals. At the same time, the study showed that only 0 -23 percent of patients at Minor or Moderate severity of illness experienced inpatient complications. These low severity of illness categories accounted for 60 percent or more of inpatients in the Syracuse hospitals. Results of the study suggested that efforts to reduce hospital inpatient complications could focus on those patients with high severity of illness. They also suggested that these efforts could largely avoid patients with low severity of illness and, as a result, save clinical and quality assurance resources in hospitals.
INTRODUCTION
In recent years, increased attention has focused on health care outcomes in the United States and Europe. This attention has been generated by a number of developments concerning the data used to evaluate them, as well as to related issues such as health care expenses.
During the initial years of the twenty first century, the development of innovative tools, including computer software, for analyzing a number of outcomes indicators has led to the production and use of this information by health care providers on a scale that was not previously possible. Indicators addressed by these include hospital inpatient complications and readmissions. The resulting information has characterized these indicators quantitatively across a wide range of diagnoses and procedures in an accurate and consistent manner [1] [2] [3] [4] .
An important source of computer software for analysis of hospital outcomes has been 3M TM Health Information Systems. This organization is one of the major developers of health care software in the world. It produced the Diagnosis Related Groups during the 1980s. It has also developed the Potentially Preventable Readmissions software for analysis of that indicator.
The availability of this scale of information concerning health care outcomes has also produced greater interest in the linkages between these events and health care expenses. In the care of hospital complications and readmissions, it has helped to identify the large amounts of expenses associated with adverse outcomes [3, 5, 6] . It has also led to efforts by health care payors to link adverse outcomes with reimbursement penalties, such as the Medicare readmissions program [7] .
In the United States, the increased availability of health care outcomes data has supported a wide range of efforts to evaluate these indicators at the regional and community wide levels. These efforts have included projects that link outcomes with reimbursement at the statewide and local levels, as well as programs that attempt to improve provider performance by analyzing and understanding the indicators [8] [9] [10] . The ability to manipulate large populations of administrative data has substantially increased the ability of providers to use this information in the planning and development of care within their programs and local communities. evaluate the severity of illness of patients experiencing inpatient hospital complications in Syracuse, New York. It addressed this subject in two area hospitals and included data for a multiyear period.
Population and Participants The study was developed in the metropolitan area of Syracuse, New York, which includes three acute hospitals (total discharges excluding well newborns in parentheses), St. Joseph's Hospital Health Center (25,743), Crouse Hospital (20,719), Upstate University HospitalDowntown Campus (21,088), and Upstate University Hospital-Community Campus (6533). Historically, these hospitals have worked together to improve the efficiency and outcomes of health care in the community through their collaborative planning organization, the Hospital Executive Council [11] .
This study was developed through a demonstration program involving the Syracuse hospitals and 3M TM Health Information Systems. The program focused on evaluating use of the 3M TM Potentially Preventable Complications (PPC) software at the community level. This software employs administrative hospital data to identify and evaluate inpatient hospital complications. It is based on application of the present on Admission indicator to the secondary diagnoses for each patient. Each of these diagnoses is identified as present on admission, not present on admission, or undetermined. Under this system, a number of diagnoses are excluded based on reasons for admission and the type of hospital service, whether medical or surgical, that a patient receives (3M TM Health Information Systems). The demonstration program has involved use of the PPC software to evaluate and reduce the incidence of complications in two of the Syracuse hospitals, St. Joseph's Hospital Health Center and Crouse Hospital, since 2010. This process has included development of monthly data concerning patients assigned to a number of PPC categories, such as pneumonia, urinary tract infection, and clostridium difficile colitis, by the Hospital Executive Council. The demonstration project has focused on use of the PPC data to verify the existence of complications at the patient specific level through two activities.
Comparison of the patient specific PPC data generated through the program with hospital medical records has supported improvement of the accuracy of hospital outcomes data. During the implementation of the demonstration, the accuracy of PPC and medical records data improved at the participating hospitals.
Use of the PPC data in conjunction with hospital medical records has also made it possible to identify the extent to which planned interventions actually occurred. This process has supported the ability of hospital management to plan and implement efforts to reduce complications with a high degree of effectiveness.
Analysis of Administrative Data The first section of this study involved the use of administrative data to evaluate the relationship between hospital inpatient complications and admission severity of illness in St. Joseph's Hospital Health Center and Crouse Hospital.
For this analysis, inpatient complications were identified for pneumonia, urinary tract infection, and clostridium difficile colitis using the PPC software. Pneumonia and urinary tract infection were evaluated because these complications experienced the highest PPC frequencies in the Syracuse hospitals. Clostridium difficile colitis was evaluated because it has proven to be highly resistant to infection control programs in Syracuse and elsewhere.
For the analysis, the 3M TM All Patients Refined Diagnosis Related Groups (APR DRGs) were used to identify admission severity of illness in the Syracuse hospitals. The APR DRGs identify inpatient severity of illness based on a formula that includes the principal diagnosis, secondary diagnoses, age and other factors. Based on this information, patients are identified as experiencing Minor, Moderate, Major, or Extreme severity of illness [12] . This definition of severity of illness was used to evaluate patients with complications throughout the study.
Most importantly, severity of illness was identified for each patient at the time of inpatient admission. This procedure eliminated the potential for post admission complications to influence this indicator.
The analysis of administrative data was based on comparisons of hospital inpatient complications by frequency and percent. The focus of the study involved annual data. Quarterly comparisons were also available. The comparisons involved simple descriptive statistics.
The initial component of this analysis involved comparisons of PPC data for St. Joseph's Hospital Health Center and Crouse Hospital for January-December 2012. Frequencies and percentages were identified for each of the four severity of illness categories for pneumonia, urinary tract infection, and clostridium difficile colitis as inpatient complications. An additional analysis was developed for January-June 2013. These comparisons used the same inpatient complications as the two hospital evaluation.
The second component of the analysis involved comparisons of PPC data for St. Joseph's Hospital Health Center for January-December 2010 and 2012. This hospital was used in the analysis because it had been involved in the program throughout the demonstration period.
Analysis of Medical Record Data
The second section of the study involved the use of
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In the development of the study, the numbers of patients with pneumonia, urinary tract infection, and clostridium difficile colitis as a complication who experienced each of these factors and study interventions were identified as a frequency and percent of the total. This information was employed to develop conclusions regarding the impact of each factor and the combined factors.
administrative data in conjunction with patient medical record data to evaluate the patient population with the highest severity of illness, those at Major and Extreme severity at St. Joseph's Hospital Health Center who received interventions under the demonstration program. This population accounted for a majority of patients who experienced pneumonia, urinary tract infection, and clostridium difficile colitis. This analysis was based on the most recent time periods available, July-December 2012 and January-June 2013.
In this section of the analysis, hospital medical record data were employed to generate additional information, concerning factors that might affect the susceptibility of the patient to complications. These factors were suggested in discussions with the staffs of the hospitals and the Hospital Executive Council. A list of these factors follows.
Patient 
RESULTS
Results of the initial section of the study involved the use of administrative data to evaluate inpatient hospital complications by admission severity of illness. Data concerning St. Joseph's Hospital Health Center and Crouse Hospital for January-December 2012 are summarized in Table 1 . This information in Table 1 demonstrated that, for the PPCs evaluated, the proportions of patients who experienced complications and who were at Major and Extreme admission severity of illness were substantially larger than the proportions of patients at these levels of illness who did not experience complications.
This information demonstrated that the prevalence of these complications was much higher among the sickest hospital patients than among the rest of the inpatient population. It was also notable that, within these ranges, the percentages of patients at Extreme admission severity of illness who experienced complications were also substantially higher than the percentages of those who did not. At St. Joseph's Hospital Health Center, they ranged from 52.61 to 7.42 percent for pneumonia, from 44.90 to 7.77 percent for clostridium difficile colitis, and from 28.57 to 7.74 percent for urinary tract infection. At Crouse Hospital, the differences ranged from 66.67 to 9.06 percent for pneumonia, from 70.37 to 9.31 percent for clostridium difficile colitis, and from 30.77 to 9.27 percent for urinary tract infection.
Conversely, comparisons involving proportions of patients at Minor and Moderate admission severity of illness demonstrate that the prevalence of these levels of illness was much lower in the population who experienced inpatient complications than among those who did not. At St. Joseph's Hospital Health Center, differences between these proportions ranged from 10.80 to 62.13 percent for pneumonia, from 6.12 to 61.76 percent for clostridium difficile colitis, and from 23.53 to 61.85 percent for urinary tract infection. At Crouse Hospital, the proportions ranged from 6.90 to 60.91 percent for pneumonia, from 0.00 to 60.69 percent for clostridium difficile colitis, and from 31.73 to 60.79 percent for urinary tract infection.
This information suggested that a majority of the hospital populations, who were not at high severity of illness, did not experience inpatient complications. These conclusions were also reflected in comparisons involving the individual Minor and Moderate severity categories.
The initial section of the study also included comparisons of proportions of patients who experienced inpatient complications by admission severity of illness over time. For this analysis, St. Joseph's Hospital Health Center data for 2010 and 2012 were employed. Results are summarized in Table 2 . Copyright © 2013 SciRes.
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The information in Table The second section of the analysis focused on identification of characteristics of high admission severity of illness patients who received the program interventions but still experienced inpatient complications. These data were derived from hospital patient medical records.
The differences between percent distributions of patients with and without complications by severity of illness were confirmed by negative correlations between these populations. Copyright © 2013 SciRes.
The data used in this portion of the analysis were summarized by age, selected clinical categories, and use of the health system for patients who experienced interventions. This information was generated for two time periods, July-December 2012 and January-June 2013 at St. Joseph's Hospital Health Center. Information for the pneumonia, clostridium difficile colitis, and urinary tract infection inpatient complications are summarized in Table 4 .
The data indicated that most of these patients were aged 65 years or more (42 of 58 for pneumonia, 38 of 58 for clostridium difficile colitis and 37 of 52 for urinary tract infection). In each case, a relatively small proportion of the patients were ages 85 years and over, indicating that they were elderly, but not frail elderly. The only population with at least 20 percent at this level were those with clostridium difficile colitis between January and June 2013.
The data concerning clinical conditions demonstrated that patients with all three complications were seriously ill. The highest incidence of organ failure involved pneumonia during 2012 and 2013 for respiratory failure (13 of 21 patients and 12 of 37), renal failure (12 of 21 and 12 of 37), and heart failure (10 of 21 and 11 of 37), as well as clostridium difficile colitis in 2013 for renal failure (19), respiratory failure (12) , and heart failure (10). All three groups of patients with complications experienced relatively high levels of diabetes and functional disorders including pneumonia for 2013, and clostridium difficile colitis and urinary tract infection for both years. The data also indicated that, despite these diagnoses, comparatively few patients expired during the hospitalizations during which the complications occurred. For both six month periods, these included 13 patients for pneumonia, 8 patients with clostridium difficile colitis, and 3 patients with urinary tract infection.
Most of the patients in each of the populations with complications had extensive experience with services in the health care system. Most of the pneumonia patients (13 of 21 and 26 of 37), the clostridium difficile colitis (12 of 15 and 20 of 33), and urinary tract infection (20 of 26 and 21 of 22) were discharged to long term care services including home health agencies and nursing homes. Many of them received ventilator care in the hospital and/or were readmitted after previous hospitalizations.
DISCUSSION
This study evaluated associations between three frequently encountered inpatient hospital complications and admission severity of illness in two large urban hospitals in the metropolitan area of Syracuse, New York. It demonstrated that distributions of patients who experienced and did not experience complications by severity were markedly different.
The study showed that patients at the highest levels of admission severity of illness, Major and Extreme, accounted for percentages of patients with complications that were two to three times higher than those of patients without complications. Those at Major and Extreme severity comprised large majorities, 76 -93 percent of patients with the three complications evaluated.
Patients with Minor or Moderate severity of illness comprised only 0 -23 percent of those with complications. Patients with the lowest levels of admission severity of illness, Minor and Moderate, accounted for percentages of patients with complications that were 10 -37 percent of those for patients without complications.
The study data demonstrated that these associations between outcomes and severity of illness were consistent between hospitals and over time. They existed in two of the three Syracuse hospitals that participated in the study and in the hospital with the longest running participation over a multiyear period.
This information suggested that efforts to address inpatient complications in hospitals need to focus on patients with the highest admission severity of illness. Among the four severity of illness categories in the Syracuse hospitals, these patients were at the greatest risk of developing adverse outcomes. Almost all of the patients with complications identified were at Major or Extreme severity.
This information also suggested that efforts to address inpatient complications could largely avoid patients with Minor or Moderate severity of illness. Because these patients accounted for a majority of those at risk, this could result in a substantial savings of clinical and quality assurance resources.
It should be emphasized that the analyses of inpatient complications by severity of illness were based on administrative data abstracted from patient medical records. The severity of illness categories applied in this analysis was also based on administrative data. The analysis also was limited to two large hospitals in a single metropolitan area.
Data from patient medical records, in the second section of the analysis, suggested that the patients who experienced inpatient complications were seriously ill, but were also survivors. With respect to age level, a majority of the patients who experienced each of the complications and interventions were elderly, ages 65 -84 years. The data also demonstrated that they experienced a number of serious illnesses, including organ failure, and had extensive experience with the health care system. At the same time, the data showed that relatively few of these patients expired.
The patient record data also demonstrated that most of those at high admission severity of illness still experienced inpatient complications, even after they received interventions developed to prevent them. These experiences suggest that a new level of prevention would probably need to be developed to avoid these adverse outcomes.
These points suggest another issue with respect to this population, that all complications are probably not preventable, especially in patients with high severity of illness. This point is supported with the administrative data from the study, which indicated that proportions of high severity patients with complications were consistent between hospitals and over time. It was reinforced by the patient record data.
